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INTRODUCTION
Creating common rubrics for multidisciplinary capstone courses poses a significant challenge, considering the diversity of projects pursued by engineering students in their final year. The specific course under study is the fourth year Engineering Science thesis course, which is a required course for all Engineering Science students at the University of Toronto. In previous papers, we have described the challenges posed, given the variety and number of projects included in the course. The Engineering Science program includes 8 diverse Majors, and students are permitted to work with any Faculty member at the University of Toronto on their thesis, and so the thesis projects engage with a number of different disciplinary and academic traditions. Each year, the thesis course supports 170-200 projects, supervised by well over 100 professors from 25+ academic departments.
Common rubrics serve in a number of capacities for the key stakeholders involved in the course. For students, they function as detailed assignment guides, setting expectations for their various deliverables in the course. For supervisors, the rubrics also establish a common set of expectations across multiple performance levels, helping to facilitate efficient feedback. For administrators, they provide key data for graduate attributes collection (across multiple attributes) and help contribute to some degree of uniformity of experience between supervisors and projects.
In previous papers, we have described the challenges posed to universal rubric development by the variety and number of projects, as well as the number of supervisors, who have varying levels of experience managing an undergraduate capstone experience [1] [2] [3] 8] . Attempts to validate the rubrics on the student side -through focus groups and interviews -have led to important insights into how they understand and employ the rubrics [8] , revealing an anxiety about how supervisors use them (or don't use them) as assessment tools. These concerns lead us to test for inter-rater reliability, comparing the results of two "rubric expert" raters with the supervisors: we identified substantial agreement between the "rubric experts," but only fair agreement between those raters and actual project supervisors [3] . This paper probes that question further, and describes the results of a qualitative study in which project supervisors participated in semi-structured interviews about their experience using the rubrics to better understand their perspectives. The final report rubric, along with the "rubric guide", that was the main focus of the study can be found in Appendix A.
INTERVIEW METHODOLOGY
An interview protocol was developed based on previous research investigating how assessors use and interpret universal rubrics [4, 6] . The interview protocol first posed demographic and experience questions, including questions about the supervisors' experience using rubrics (in the thesis course or otherwise). After this was completed, the interviews highlighted four main themes: (1) Rubric use: how and when they use the rubric, whether they use the rubric guide, and whether they consider the rubric to be useful; (2) Rubric content: the inclusion of appropriate or irrelevant criteria, whether the rubric contradicted any requirements or expectations, and ordering of criteria; (3) Rubric clarity: overall clarity, and specific questions about criteria that have been identified in the past as problematic; and (4) Guidance and training materials: use of the rough guide, and exploring the possibility of other training materials and opportunities.
Eighteen thesis supervisors (Faculty members from the University of Toronto) were selected for interviews, based on a purposeful sampling strategy [7] to ensure that a variety of disciplines, project orientations and experience levels were represented in the population under study. In total, 11 supervisors agreed to be interviewed.
Each interview took approximately 30-45 minutes, and all of the interviews were recorded and transcribed. As noted, the interviews focused primarily on the final rubric used at the end of the course to assess the major report and overall project experience. The interviewer followed the interview protocol; however, she also allowed for some flexibility within the interviews, so that participants could emphasize themes of interest, allowing for candid conversation which resulted in richer content. Follow up questions were asked to clarify or to redirect supervisors when they interpreted questions differently than expected. The interviewer took brief notes but relied on recordings rather than notetaking to preserve the flow of discussion. Recordings were transcribed after all interviews were completed.
DATA ANALYSIS
After the interviews were transcribed, two members of the research team engaged in a data coding process. First, one member of the research team used an inductive, opencoding process, described by Grbich [5] , involving line-byline analysis to identify a set of specific concepts and categories. Initially, content from the interviews deemed relevant to the research study was highlighted. Then, this content was organized into a preliminary list of categories. Next, three transcripts were reviewed in detail, and each section of text (sometimes by sentence, sometimes by word or short phrase) was coded to the existing list of categories, and additional categories were added when needed.
Then, a second member of the research team utilized a variation of memo writing, also described by Grbich [5] . This provided an opportunity to respond to content and categories, develop new insights and create some connections between the themes in the data. After this process was finished, the categories and notes were reviewed again, and a final list of three major themes, with a number of sub-categories, was created.
RESULTS AND DISCUSSION
The data analysis resulted in a number of interesting themes, which have been organized under three major categories: (1) Perceptions of the rubric, given the nature (or perceived nature) of the thesis course; (2) The use and purpose of the rubric; and (3) Perspectives on the rubric design. All three of these categories and their subthemes have been influenced by one amplifying factor: the experience level of the thesis supervisor, and their beliefs and practices relevant to the undergraduate thesis. The results will be discussed using the three major categories as a guiding framework.
Perceptions of the Rubric and the Nature of the Thesis Course
Through the interviews, we determined a number of interesting themes related to the nature of individual projects, and by extension the use of the rubric. For example, some supervisors seemed to think that the rubric was better suited to experimental rather than designoriented work, with one supervisor noting, Further, there was an acknowledgement that it might be up to the supervisor as to whether the student receives an opportunity to make an impact, with one supervisor noting "whether someone has a really highly impactful project really isn't up to the student because I kind of define it for them…". Interestingly, the components of the rubric that University of British Columbia; June 3 -6, 2018-3 of 8 -spoke to impact were added to help the supervisors distinguish the truly outstanding work from the good work that still meets the thesis requirements; these comments perhaps indicate a need to better justify rubric design decisions to the supervisors.
It was also suggested that the rubric may be interpreted differently, based on whether the project was studentinitiated or supervisor-initiated. This was especially evident when looking at the criteria around defining the goal of the work. Finally, discussions about the rubric highlighted some concern about the focus on final product or process, and related to that, focus on project documentation or the ongoing research effort demonstrated across the semester.
One supervisor noted "just looking at (the rubric) communicates that document design is more important than overall project experience…I take the liberty of being able to give them a grade based on what I think they deserve.", with another suggesting that "by the time we get to the final report, the final report is almost superfluous because I've been following them consistently and the final thing they do I already know how well they've been doing it and I've already been evaluating them." Another was firm in their conviction that the final grade should reflect the research experience: "I don't use the reports to assess my students' accomplishments. A student could do excellent work and be really bad at expressing what they've done in this report." Another supervisor tried to suggest a balanced approach, noting "I definitely read the documents and I want them to be good -I care about communication -but I want to keep the balance of what work they do, the effort they put into that, the science or engineering balanced against whether they write a great report and don't do anything."
It seems that further clarification about the role of documentation vs project work would be useful in the process.
The Use and Purpose of the Rubric
The supervisors interviewed described what they used the rubric for, and how they went about using it, which resulted in some interesting contrasting themes. For example, some supervisors perceived the rubric as a way to communicate expectations to the student, for example, "I want them to adhere to the standard that their other peers are working towards". For some, it provided scaffolding for guiding the process; for example, one supervisor noted that "most of the use of rubrics has come well before that final evaluation. The useful part of it to me is to provide feedback earlier on…"
In some cases, supervisors indicated that it was a useful tool for communicating feedback, and some specifically noted, for example, that "I use this more as a feedback mechanism than a grading mechanism". However, it was clear that most of the supervisors were not using the rubric to help inform a final grade. For example, one supervisor noted "I more or less think of the mark that the student deserves from the start…and then the rubric is more, from my point of view, for feedback to the student, to tell them which of these little pieces they could have done better". Another supervisor noted "I don't know if (using the rubric) will result in increased accuracy than the usual more intuitive way of grading". Understanding how instructors perceive of "intuitive grading" would be an interesting area to explore further. Another supervisor noted that they "fill the rubric but it's frankly more of a post-hoc justification." Supervisors expressed some confusion about balancing the needs of the rubric and their own assessment, with one stating, "I can't just give them the mark that I know they deserve because the rubric is looking for certain things…in the end, my grade is largely based on what I know of them and the work they did." However, one supervisor specifically noted "What I found very helpful about the rubrics is that they formalized the whole process…the 1,2,3,4 process was very helpful in mapping the criteria to the actual mark the students got." This doesn't suggest that the supervisor is using the rubric results to craft the mark, but at least suggests congruence between their assessment and the rubric.
Perspectives on the Rubric Design
The interviews uncovered many concerns and reflections on the rubric design itself. Some supervisors struggled with the differentiation between levels, for example, "there's a lot of subtlety in some of (the criteria) in terms of the difference between a 3 and a 4." Some supervisors noted that they felt components were missing. For example, one supervisor noted "particularly in my area…mathematics is quite central to any thesis the students are going to do…it might be helpful to explicitly highlight mathematical presentation and notation." Another supervisor noted "I would think that somewhere there should be… (an) When it came to discussions on how we might support the use of the rubrics, there was some interest in seeing specific examples, but less interest in group benchmarking, although one supervisor did note "I think it would be neat for me to talk to another professor who is marking a report…because I do feel like a bit of a lone ranger the day I decide to mark it…". However, another supervisor noted that he only had a "passing curiosity…I don't think I'd want to engage directly because I feel like there's almost a slightly confrontational element to that…what if you were the supervisor who's doing a bad job?" Some supervisors expressed an opinion that normative based assessment was important to them, with one noting that "giving more information on averages or target averages might help to (normalize grading) in a more succinct way". Finally, some supervisors noted the challenge in completing the worded feedback sections, for example, "I find these blank boxes a little intimidating…I don't know whether some leading questions might help in that regard." Overall, supervisors tended to be interested in the possibility of seeing graded examples at different levels of competency, that they could access as they needed.
CONCLUSIONS AND FUTURE WORK
Based on the results described in this paper, there are a number of issues related to the use, purpose and design of the rubric that we need to consider as we move forward in the evolution and use of the rubrics. The results of this study will be used to create an online survey for a larger group of supervisors, which will further explore the use of the rubrics in the entire supervisor population, and some of the themes raised by supervisors; for example, whether there is a need to further articulate a separation between documentation and project work; whether there is a need to provide customization of the rubric depending on the project type, and how to best clarify some of the confusing criteria. It will also be interesting to collect a more widespread view on how the rubric is being used -for example, to help with summative assessment, to guide the thesis process, to provide feedback to students or communicate expectations, and to determine what the implications are of a diverse set of uses. The survey will also allow us to better determine whether the rubric criteria are aligning with what the supervisors feel is important as part of an undergraduate thesis.
